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DETERMINATION SULPHATE ACID ESTER 
UNSTABILIZED CELLULOSE 


ABSTRACT 


Methods for determining sulphate acid ester unstabilized cellulose nitrate 
have been studied. They were first verified being applied determine the 
sulphate acid ester cellulose sulphate, cellulose acetate sulphate, and cellulose 
nitrate sulphate. Results showed that the sulphate ester unstabilized cellulose 
nitrate can determined satisfactorily titration water, determination 
calcium after ion exchange, hydrolysis acetone/water, determination 
sulphate after treatment with 50% alcohol. 


INTRODUCTION 


Various ion exchange methods for the estimation sulphate acid ester 
cellulose acetate sulphate were described previous paper (4). The 
acid ester RSO,H was determined titrating the acid released after ion 
exchange with calcium chloride solution determination the exchanged 
calcium. The values for the sulphate ester the hydrogen ion method were 
3-40% below the gravimetric sulphate values. The low values were apparently 
due adsorption hydrogen ions the sample because the determination 
calcium and sulphate gave values that agreed within the limits experi- 
mental error. recent publication (3), was shown that the sulphate ester 
could determined satisfactorily titration acetone/water solution 
before and after hydrolysis. The results indicated that the ester was 
titrated before hydrolysis and that sulphuric acid was titrated after hydro- 
lysis. The sulphate content crude but well-washed cellulose nitrate pre- 
pared from mixed acid varies from about 0.2 1.0% (expressed 
according the composition the acid. The form this 
sulphate and the nature the stabilization process have been somewhat 
obscure until quite recently. Two studies showing the presence sulphate 
ester unstabilized cellulose nitrate have led working hypothesis 
the stabilization process. Kullgren (5) was the first apparently produce 
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clear evidence for the presence sulphate ester unstabilized cellulose 
nitrate. Ion exchange studies showed that 12.57% cellulose nitrate con- 
tained about three times much sulphate acid ester 13.05% cellulose 
nitrate, although the total sulphate content was about the same both 
types cellulose nitrate. Without offering direct evidence Kullgren suggested 
that the excess total sulphate over the sulphate ester value was due the 
neutral ester Unpublished work done Smith the Nobel Labora- 
tories Imperial Chemical Industries Ltd. has been summarized recently 
Miles (6). Studies were made unstabilized cellulose nitrate the 
complete range nitrogen content. The total sulphate content washed 
materials containing 9.5 13.5% nitrogen was estimated and the sulphate 
ester was determined titration acetone solution. The 13.4% cellulose 
nitrate contained almost acid ester whereas 10.7% cellulose nitrate 
contained 0.52% sulphate ester (calculated Contrary Kullgren, 
was thought that the sulphate not titrated acetone was free 
imprisoned physical means areas the cellulose structure inaccessible 
water. The present paper describes methods that have been used deter- 
mine the sulphate ester content variety cellulose nitrates. Where 
possible the sulphate ester has been estimated two different methods. 
Attempts were made assess the validity the analytical methods 
applying them some analogues unstabilized cellulose nitrate. Cellulose 
sulphate, cellulose acetate sulphate, and cellulose nitrate sulphate were 
used for this purpose. 


EXPERIMENTAL 
Cellulose Sulphate 

Purified wood cellulose (3) part) was treated with distilled water (15 
parts) for hours. After had been centrifuged the cellulose was treated with 
glacial acetic acid (15 parts) for another hours and again centrifuged. Each 
time the sample was centrifuged about one and one-half times its original 
weight. The cellulose was then covered with mixture (15 parts) sulphuric 
acid (5%) glacial acetic acid. After hours the acid mixture was removed 
suction and the residue was washed five times with water. The total 
sulphate present was determined barium sulphate (4). The sulphate ester 
present was determined ion exchange with calcium chloride, the calcium 
being estimated titration with standard ethylenediaminetetraacetic acid 
(4). Total sulphate: 1.29% Sulphate ester: 1.34% 


Cellulose Nitrate Sulphate 

Cellulose sulphate prepared above was converted the salt form 
several treatments with dilute solution sodium chloride. After being 
dried vacuo for two days the cellulose sulphate was added acid mixture 
(50 parts) containing nitric acid (20.0%), sulphuric acid (63.0%), and water 
(17.0%). After hour most the acid was removed suction and the crude 
fibrous product was added portions with stirring water. Found 
nitrometer: 12.92%. Dry cotton linters nitrated with the same mixed 
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acid produced cellulose nitrate containing 13.0% Total sulphate: 0.96% 
Sulphate ester: 0.62% Reference Table shows that 
both the total sulphate and the sulphate ester content are considerably higher 
than that normally found cellulose nitrate containing 13.0% 


Cellulose Nitrate 

Cellulose (30 gm., part) was dried for hour 105° and then placed 
desiccator until used. The dry cellulose was treated for hour with 
mixture (1500 gm., parts) consisting nitric acid (10.0%), sulphuric 
acid (70.0%), and water (20.0%). The mixed acid was analyzed standard 
methods. The highest temperature reached during the nitration was 29° 
After most the acid had been removed decanting and suction, the 
crude cellulose nitrate was added portions excess distilled water. 
The highest temperature reached during this addition was 39° Cellulose 
nitrate from cotton linters: 9.0%. Cellulose nitrate from wood cellulose: 
8.5%; total sulphate, 1.62% sulphate ester hydrolysis method, 
0.98% Nitrogen was determined the Devarda method. 


Hydrolysis Sulphate Ester Groups Unstabilized Cellulose Nitrate 


previously described (4) all samples were washed continuously with 
distilled water that had been passed through ion exchange column. The 
samples were used soon possible after being washed for hours. 
sample was removed from the washing apparatus and dried about 50% 
water content centrifuging. Portions were set aside for moisture, nitrogen, 
and sulphate determinations (3). Duplicate samples moist cellulose nitrate 
(about dry weight) were dissolved acetone (700 ml.) and placed 
constant temperature bath 25+0.1° The starting time was taken when 
half the solvent had been added. Aliquots were removed intervals and the 
reaction stopped dilution with equal volume water. The acidity was 
determined titration with 0.01 potassium hydroxide and was measured 
with Macbeth meter. The end point determined from the plotted titra- 
tion curve was usually 6.5. The values for hydrolysis were the averages 
determinations duplicate samples. 


RESULTS AND DISCUSSION 


Reference has been made previously the ion exchange method deter- 
mining the sulphate ester cellulose acetate sulphate. 

This method (4) involved the following steps: treating the sample with 
several portions 0.02 calcium chloride, washing it, and finally titrating 
the combined filtrates. attempt improve the accuracy the titration 
method, the sulphate ester was determined the present work direct 
titration well-stirred mixture the sample water with standard 
sodium hydroxide. before (4), hydrolysis the acetate nitrate was 
minimized completing the titration within 10-20 minutes. Results for the 
titration cellulose sulphate, cellulose acetate sulphate, and cellulose nitrate 
sulphate are shown Table 
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TABLE 
COMPARISON THE GRAVIMETRIC AND TITRIMETRIC METHODS DETERMINATION 


OF SULPHATE ESTER 


Sulphate ester, 


Expt. Sample Per cent 

Gravimetric Titrimetric difference 
Cellulose sulphate 2.00 1.78 
Cellulose sulphate 1.40 8.6 
Cellulose sulphate 1.27 1.15 9.5 
Cellulose sulphate 0.51 0.52 2.0 
Cellulose acetate sulphate 3.88 3.65 5.9 
Cellulose acetate sulphate 3.15 3.52 +11.7 
Cellulose acetate sulphate 2.23 2.29 2.7 
Cellulose acetate sulphate 2.20 2.50 7.7 
acetate sulphate 2.15 2.29 5.8 
Cellulose nitrate sulphate 0.555 
0.0 


Cellulose nitrate sulphate 0.61* 0.61 


*Calcium value. 


All values for the sulphate ester the previous procedure (4) were below 
the corresponding gravimetric values, the average percentage difference 
being 14. Examination the data Table shows high positive correlation 
(Rank-correlation coefficient 0.985) (2) between the gravimetric and 
titration values. The cellulose nitrate sulphate contained some free sulphuric 
acid, which was evident from the excess the gravimetric value over the 
calcium value for the sulphate ester. After correction made the titration 
value for the free sulphuric acid, there good agreement between the calcium 
value for the sulphate ester and the corrected titration value (Expt. and 
11, Table 1). 

When unstabilized cellulose nitrate samples were titrated water under 
the same conditions with 0.01 sodium hydroxide (Table II), became 


TABLE 
DETERMINATION SULPHATE ESTER UNSTABILIZED CELLULOSE NITRATE 


Gravimetric Titrimetric Sulphate ester, 


13.0 0.46 0.07 15.2 
13.0 0.37 0.12 32.4 
13.0 0.40 0.10 25.0 
12.9 0.31 0.07 22.6 
12.9 0.17 0.06 35.0 
12.7 0.35 0.15 
9.0 2.26 1.76 70.0 
8.9 1.10 0.93 84.5 
8.4 2.82 2.05 72.8 


clear that contrary the behavior the cellulose nitrate sulphate Expt. 
and 11, Table little free sulphuric was being titrated. This was evident 
because the titration values were lower, not higher, than the corresponding 
gravimetric values. Since use for the equivalent weight 
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expressed the ester plus one half the free acid gives value 
equal the gravimetric sulphate value. 

Referring Expt. Table II, the titration value for the sulphate ester 
was 0.12%. the same experiment the calcium value for the sulphate ester, 
not shown the table, was found 0.10%. The agreement between these 
two values good indication that the titration value satisfactory 
estimate the sulphate ester but there may constant error +10 
+20%. 

From later experiments estimated that about one half the free acid 
can titrated when the titration done very slowly. The sample Expt. 
was duplicate the sample used Expt. and was boiled water for 
hour and then washed. The loss sulphate seems mainly free acid. 
agreement with the work reported Miles (6) the total sulphate and the 
proportion sulphate ester tend increase with decreasing nitrogen content. 

Some typical values for the sulphate ester the calcium method are 
shown Table III where the cellulose nitrate samples have nitrogen con- 


TABLE III 
DETERMINATION SULPHATE ESTER UNSTABILIZED CELLULOSE NITRATE 


Sulphate, 


Expt. Sulphate ester, 
Gravimetric Calcium total sulphate 
13.1 0.60 0.024 4.0 
13.0 0.50 0.012 2.5 
12.9 1.00 0.14 14.0 


tent ranging from 12.9 13.0%. The sulphate ester values are somewhat 
lower than those for similar samples shown Table 

One step the commercial stabilization cellulose nitrate milling, 
also termed pulping beating. According Davis (1), the milling treatment 
washes out residual acid from the fibers. According this explanation, the 
proportion sulphate ester would increase during the milling treatment and 
the final sulphate value might measure the sulphate ester content. 
There reason think that the sulphate ester would affected 
mechanical treatment. The results obtained from the milling unstabilized 
cellulose nitrate and analogous compounds are shown Table loss 
sulphate occurred cellulose acetate sulphate and cellulose nitrate sulphate 
where the sulphate was entirely the ester form. considerable loss 
sulphate occurred the cellulose nitrate but the sulphate ester content 
determined the calcium method remained constant. 

each experiment the discrepancy between the final gravimetric sulphate 
and the sulphate ester seems greater than the probable experimental 
error. Hence does not appear likely that all unbound sulphate can 
removed this treatment. 

The kinetics the hydrolysis the sulphate ester cellulose acetate 
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TABLE 
THE EFFECT MILLING THE SULPHATE ESTER CONTENT 


Sulphate, Sulphate 


Expt. Sample time, Total Ester the total 
min. calcium sulphate 
Cellulose acetate sulphate Nil 1.58 1.58 100 
1.56 
Cellulose nitrate sulphate 12.9 Nil 1.14 1.14 100 
120 1.16 
Cellulose nitrate 13.0 Nil 0.50 0.14 28.0 
0.13 0.10 77.0 
Cellulose nitrate 12.6 Nil 1.16 0.48 41.4 
0.66 0.48 72.8 
Cellulose nitrate 13.0 Nil 0.88 0.24 27.3 


300 0.50 0.24 


sulphate acetone/water was studied recently Gagnon a/. (3). similar 
hydrolysis was found for cellulose nitrate sulphate and some samples 
unstabilized cellulose nitrate. 

brief consideration shows that number interesting possibilities re- 
garding the sulphate content can studied this method. the sulphate 
content entirely the acid ester, cellulose acetate sulphate, the initial 
titration value will one half the final titration value obtained from com- 
will give initial titration greater than one half the final titration value, the 
difference the two values being measure the sulphate ester. the 
neutral ester suggested Kullgren present, the initial value will less 
than one half the value calculated from the sulphate content. With hydrolysis 
the neutral ester, the final titration value will again correspond the 
total gravimetric value. Without hydrolysis the neutral ester, the final 
titration value will less than the value expected from the total gravimetric 
value. 

The acetone/water hydrolysis method was applied the present work 
the cellulose nitrate sulphate samples. 

before (3), moist duplicate samples were dissolved acetone and aliquots 
were titrated acetone/water suitable intervals. considerable increase 
acidity occurred with increase the time hydrolysis. 

The initial titration value was greater than one half the final titration 
value thus showing the presence mixture free and ester 
the original sample. shown Table there good agreement between 

TABLE 
HYDROLYSIS OF SULPHATE ESTER GROUPS IN UNSTABILIZED CELLULOSE NITRATE SULPHATE 


Gravimetric Final titrimetric Calcium Hydrolysis 
0.672 0.480 0.480 
0.525 0.495 0.314 


0.480 0.460 0.308 0.350 
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the gravimetric sulphate and the sulphate determined from the final titration 
value. similar agreement found between the sulphate ester content deter- 
mined the calcium method and the increase acidity. 

Some preliminary results for the hydrolysis unstabilized cellulose nitrate 
are shown Table VI. Again there fairly good agreement between the 


TABLE 


HYDROLYSIS OF SULPHATE ESTER GROUPS IN UNSTABILIZED CELLULOSE NITRATE IN 
ACETONE/WATER 


Sulphate, 


Expt. hr. Grav. Final 
hydrolysis 
10.8 1.90 1.80 0.81 
10.5 0.50 0.45 
9.0 2.26 1.98 
8.5 1.62 1.30 0.98 


gravimetric values and the titration value the end the hydrolysis. 
hydrolysis was detected some cellulose nitrate samples the range 13.0- 
13.5% The low sulphate ester content these samples (Table makes 
most unlikely that convincing evidence for hydrolysis could obtained 
this method. 

50% solution ethanol often used the laboratory stabilize 
sample crude cellulose nitrate removing most the sulphate present. 
was interest investigate the possibility that the alcohol may release 
free acid swelling the fibers without affecting the acid. 

The data Table VII show that the final sulphate content after treatment 
with 50% alcohol corresponds the ester content. The ester determination 
was done similar but untreated sample because was found that con- 


TABLE VII 


EFFECT 50% ALCHOL SULPHATE ESTER GROUPS CELLULOSE DERIVATIONS 34° 


Sulphate, 


Expt. Sample Time, 
hr. Initial Final Calcium 
ester 
Cellulose sulphate 1.26 1.27 
Cellulose nitrate sulphate 1.07 0.73 0.61 
nitrate (13.2 0.14 0.06 0.06 


Cellulose nitrate (12.9 0.90 0.16 0.15 


siderable absorption calcium occurred after treatment with alcohol. The 
absolute alcohol was more drastic. When cellulose sulphate was 
treated with absolute alcohol for hours 66% the sulphate 
was removed. was observed previously (3) that the rate hydrolysis the 
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sulphate ester cellulose acetate sulphate increased markedly with decrease 
the water concentration the acetone/water. 

The stability the sulphate ester during the drying process shown 
Table VIII. The sulphate ester was split off when cellulose sulphate, cellulose 


TABLE VIII 
STABILITY THE SULPHATE ESTER DURING THE DRYING PROCESS 


Sulphate, meq./100 
Expt. Sample Decomposition, 
Initial titration Final titration 


Cellulose sulphate 16.4 35.2 100 

Cellulose acetate 31.5 65.1 100 
sulphate 

Cellulose nitrate 8.5 16.6 
sulphate 


acetate sulphate, and unstabilized cellulose nitrate were dried vacuum 
(4). The initial titration value was calculated from the gravimetric sulphate 
value and the final titration value was obtained when the sample, after 
had been dried, was titrated water. This method could not used 
determine the stability the sulphate ester unstabilized cellulose nitrate 
because extensive decomposition the nitrate ester took place. 

However, the data Table VIII suggest that the sulphate ester un- 
stabilized cellulose nitrate would also split off when the material dried. 
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THE DESIGN AND OPERATION CLOUD 
MADONNA 


ABSTRACT 


The design and operation expansion type cloud chamber discussed. The 
difficulty most cloud chambers that the carrier gas impure and therefore 
the condensation achieved heterogeneous. The entire design and operational 
objective this chamber was obtain homogeneous nucleation and growth 
water droplets. equation also given relating the initial temperature 
the saturated pure nitrogen gas the temperature which water vapor 
condensed homogeneously. 


PURPOSE PAPER 

The purpose building the cloud chamber was study the critical super- 
saturations water vapor various low temperatures. This paper has been 
written show the difficulties arising cloud chamber design and con- 
struction. equation also developed relating the original temperature 
vapor and the temperature which droplets first form supercooling 
that vapor. 

THE DESIGN THE APPARATUS 

The design cloud chamber governed the concentration second 
phase impurities tolerated. our apparatus desired have the concen- 
tration these impurities minimum. 

flow sheet the apparatus shown Fig. and photograph Fig. 
The gas used was prepurified nitrogen supplied the 


HG MANOMETER 


PREPURIFIED FILTER“! FILTER“2 FILTER"S 
No GAS 
FLOWMETER 
TRAP 
HEATED SATURATION FLASKS 
SATURATION 


FLASK 
HEATER 
VACUUM 


SYSTEM 
DEHUMIDIFICATION DEWARS 


FILTER“4 FILTERS EQUILIBRIUM 
| 


RED MANOMETER 


EQUILIBRIUM 
COOLER~ CONDENSER 
Fic. Gas flow system. All tubing mm. pyrex that has been fused together. 
rubber connections have been used. 
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2-LITER EXPANSION 
FLASK 
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Fic. Photograph apparatus. 


Air Reduction Company. The gas was fed into 4ft. long, glass wool packed 
filter (Filter No. which removes coarse dirt particles from the gas. The 
gas then entered the water-oil trap, which consisted regular re-entrant 
tube vapor trap submerged acetone dry ice mixture. The next unit 
was tight-packed glass wool filter (Filter No. which the gas was further 
purified. The gas then passed through bacteriological filter and then 
flowmeter. The flowmeter was calibrated give readings liters per minute 
gas flowing. 

order obtain pure water vapor three saturation flasks half filled with 
water were inserted the system. The last two flasks were heated ensure 
sufficient water vapor removal the carrier gas. The gas plus water vapor 
was sent through which was arranged manner 
cause condensation all water vapor not equilibrium with water 
(or ice) The deposition water vapor into the liquid state was 
caused surface protuberances and tube bends. The coils between the 
Dewars were used evaporate small droplets and also catch any large 
drops that were formed the condensation process. added precaution 
Filters No. and No. were put into the system. 

equilibrium trap our refrigerated bath adjusted the partial pressure 
the water vapor that was approximately equal the vapor pressure 
water the bath temperature. The equilibrium condenser cooled the gas 
further owing its large heat transfer surface and therefore the partial 
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pressure the water vapor was made equal the vapor pressure the 
water the bath temperature. The line between the condenser and the 
expansion flask was made short possible and also was heavily insulated. 
added precaution the sample gas and water vapor was allowed 
remain the expansion flask for minutes before expansion was attempted. 

The expansion flask itself shown Fig. was made that the viewing 


Fic. expansion flask. 


the flask interior and the lighting the interior could done well above 
the surface the heat transfer liquid. Optical flats were used the viewing 
and lighting tubes. remove ions the gas sample two opposite non- 
contacting areas the inside the flask were coated with silver. Tungsten 
electrodes extended into the expansion flask and were connected through 
Wood’s metal seal the silvered areas. 

The expansion flask was connected two-stage vacuum system. The 
system shown Fig. 


(2 LITER 2nd STAGE 2 LITER | st. STAGE 
VAGUUM CHAMBERS VACUUM CHAMBERS 


TO _ EXPANSION 
FLASK 


VAQUUM PUMP 
PURGE 


Fic. Two-stage vacuum system for expansion flask. 
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THE REFRIGERATION SYSTEM 


The equilibrium trap, equilibrium coils, and the expansion flask were all 
kept constant (+0.02° C.) low temperature (+10 im- 
mersion refrigerated methanol bath. The 30-gallon bath was heavily 
insulated and well agitated ensure temperature uniformity throughout the 
volume. diagram the Freon-22 refrigeration system and the low tem- 
perature thermostat bath given Fig. Fig. photograph this 
apparatus. 


Fic. Photograph refrigeration system. 


Operation the refrigeration system follows: F-22 refrigerant gas 
from the cooling coils which are imbedded the walls the thermostat bath 
compressed two stages. The compressed gas passed through oil 
separator water-cooled condenser where condensed liquid. 
This liquid flows reservoir and from there flows through dehydrator 
and sight glass the liquid refrigerant heat exchanger. Before entering 
this exchanger, the liquid separated into two streams means valves 
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and The first stream throttled low temperature and serves 
cool the second stream (unthrottled liquid) they pass through the ex- 
changer concurrently. The throttled stream warmed the exchanger 
and emerges gas which passed the intake the second stage com- 
pressor. The cooled liquid stream emerging from the exchanger throttled 
low temperature and passed the coils the thermostat bath where 
evaporates, providing refrigeration.* 

Temperature control obtained with Fenwal inverse thermoswitches that 
activate relays which start and stop the compressors. For bath temperatures 
down the first stage compressor put control. For bath 
temperatures between and the second stage compressor 
runs continuously and the first stage compressor control. Each com- 
pressor equipped with pressure controller safety device that will 
shut off the motor the pressure should become excessive. 

Using this above procedure the bath temperature was controlled 
later refinement was insert immersion heaters the bath 
and keep the refrigeration system running continuously. The heat input was 
adjusted with Variacs and the control was Absolute temperatures 
the bath were measured +0.02° means carefully calibrated, 
5-strand thermocouple and Leeds and Northrup K-2 
potentiometer. 


IV. OPERATION 

Set-up and Purging Procedures 

The refrigerated bath was set control some desired temperature. 
The electric heaters under the saturation flasks were set that the water 
the flask came temperature about 70-80° the bath was 
operated below C., ice was put the three condensation Dewars. Dry 
ice was placed the trap. The nitrogen (or other carrier gas) 
gas was then admitted into the system until the pressure the mercury 
manometer was positive mm. mercury. When this value had 
been reached, was safe first open the entrance stopcock the expansion 
flask. The exit stopcock could then opened providing that the flask and 
the system were positive pressure 20-30 mm. mercury. This above 
procedure eliminated any danger the flask drawing dirty air owing either 
possible temperature decrease since the last operation slight vacuum 
left from previous expansion the gas into the vacuum system. The flow 
the gas through the system was continued for about minutes. 
After this length time the flask had fresh sample gas plus water vapor 
without any suspended droplets from previous expansion. 


Calculation the Necessary Purge Time 


The time purge was determined the following manner. Prepurified 
nitrogen gas flowed into the expansion flask rate liter per minute 


*The refrigeration unit was designed and constructed Services Incorporated 
Pittsburgh, Pennsylvania. 
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(1000 cu. cm. per min.). the 2-liter flask the impurity (droplets) was present 
certain weight. Let weight impurity the flask the end 
minutes. The concentration impurity possible active centers per 
cubic centimeter then 


x/2000. 


the time 1000 cu. cm. moist nitrogen came and 1000 grams 
impurity went out. The change active centers expressed 


putting equation [1] into [2] 

[3] dx/x 


Equation the differential equation relating the decrease impurity 
the flask with the increase time. Integrating [3]: 


t=0 


Now letting: 


density active centers, 
volume each active center, 
total weight centers the flask 


weight one active center 
then number centers flask. 
For initial and final conditions, and respectively: 


Since most the centers are the same density and are all approximately 
the same volume: 


V1 = Ve 
dy = 


Substitution the number ratio for the weight ratio [4] gives 
Assuming that the residual concentration droplets after expansion 


about 1000 droplets/flask and the desired lower limit maximum 
droplets/flask, then equation [5] gives: 


9.2 minutes. 
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The value 1000 very high, for experiments usually left about 100 drop- 
lets maximum value. purge time minutes was used. 


Equilibrium Time 


After the gas had purged out the flask for minutes the stopcock the 
entrance line was closed while the exit line stopcock was left open for about 
seconds. The exit stopcock was then closed. This procedure was followed 
order that the gas sample trapped the flask would atmospheric 
pressure. The gas plus water vapor was then allowed remain the flask 
for minutes prior the expansion. 


Temperature Decrease Flask Due Expansion Gas 

order cause temperature decrease and therefore condensation 
the expansion flask, the vacuum system was set some pressure lower than 
atmospheric pressure. When the stopcock separating the expansion flask 
and the vacuum system was opened there was temperature decrease the 
flask caused some the gas rushing out the flask into the vacuum 
system. can assume that the expansion reversible and adiabatic then 
can calculate the final temperature after expansion. This assumption 
valid, for with apparatus very similar the one presented this paper 
Makower (1) calculated the specific heat ratios, for several gases. 
These check fairly well with calorimetric work done Scheel and Heuse 
(3, 5). 


Gas Makower (about 18° C.) Scheel and Heuse 
Air 1.4025 1.401 (20° C.) 
Oxygen 1.3977 1.399 (20° C.) 
Carbon dioxide 1.2995 
Hydrogen 1.4084 1.407 (16° C.) 


The method calculation our final temperature identical with that 
Makower. 


Equation Relating Temperatures and Pressures the System 

The gas the flask can assumed ideal since atmospheric 
pressure. Therefore the reversible adiabatic formula can used order 
obtain the temperature after expansion the gas: 


temperature gas before expansion (or bath), 
temperature gas immediately after expansion, 
pressure flask before expansion (atm. pressure), 
pressure flask after expansion, 
specific heat constant pressure nitrogen, 
specific heat constant volume nitrogen, 


The partial pressure the water vapor exerts negligible effect 
This can shown using the following equation proposed Richarz (2): 


[7 

q 
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atmospheric pressure, 


partial pressure water vapor, 
partial pressure nitrogen, 
specific heat ratios for gas mixture, nitrogen, and water 


respectively. 


the maximum temperature operation our chamber taken 
basis then calculation can made showing the magnitudes involved. 

the vapor pressure water 17.53 mm. Hg. Average baro- 
metric pressure 760 mm. Hg, 


The water vapor term can neglected the value negligible. can 


seen Fig. that ky, does not change greatly with temperature. 


1.408 


1.407 FINAL TEMPERATURE RANGE 


1.406 


1.405 


1.404 


1.403 


1.402 


1.401 


1.400 
100 -90 -80 -70 -60 -50 -40 -30 -20 -10 ©O 10 20 30 


TEMPERATURE 


Fic. Plot versus temperature (nitrogen). 


average value 1.403 was assumed appropriate for the experimental range 
covered. 


Criterion the Type Condensation Produced the Cloud Chamber 


sample nitrogen gas and water vapor when chilled can result either 
homogeneous heterogeneous condensation. Homogeneous condensation 
occurs when foreign particles are present upon which the water vapor can 
deposit. Heterogeneous condensation occurs when: 

Small particles are present the gas sample. 

Aggregates the condensing substance remain from previous con- 

densation. 

Ions also affect the temperature condensation; this effect will dis- 
cussed later publication. 

easily proved which type condensation exists cloud chamber. 
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very slight chilling (two three degree centigrade temperature drop) 
heterogeneous system will cause profuse condensation; homogeneous con- 
densation only occurs the temperature decrease 15° more. 


Relationship between Original Temperature Water-saturated Pure Nitrogen 
Gas and Temperature Incipient Condensation Water Droplets 


Water vapor and pure nitrogen gas samples were set various initial 
temperatures and their condensation temperatures calculated 
first evidence deposition was revealed the expansion flask. When 
versus was plotted for points incipient condensation water droplets, 
the resulting curve was straight line. This shown Fig. The equation 


erature 
nN 


Py 
> 


Initjal Tem 


Final Temperature Gas and Water Droplets (°C) 


for the straight line 


Equation [8] relates the final lower temperature necessary condense 
water vapor into droplets from nuclei-free saturated sample given 
initial temperature, 
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NICKEL-CADMIUM BATTERIES 


IMPREGNATION POSITIVE PLATES THERMAL DECOMPOSITION 
AQUEOUS NICKEL NITRATE! 


ABSTRACT 


method described for placing electrochemically-active material the 
pores sintered nickel plaques. The plaque first immersed aqueous nickel 
nitrate; then the nickel nitrate the pores decomposed high temperatures 
intermediate which converts rapidly nickel hydroxide caustic solutions. 
The effects temperature and time immersion and thermal decomposition, 
and the surrounding atmosphere, have been studied. Results electrical 
behavior the plates are presented, and preliminary discussion the 
mechanism the impregnation process offered. 


INTRODUCTION 


The commercial method for producing plates for batteries 
from sintered plaques (2, long and complex. The method here described 
for positive plates reduces the number steps and replaces the objectionable 
polarization step thermal decomposition and chemical conversion. 
Conditions have been found which the new method five steps can produce 
positive sintered plates containing the same amount active material 
those formed the commercial method steps. attempt cost analysis 
for either equipment processing has been made. 


EXPERIMENTAL MATERIALS AND METHODS 


All chemicals were reagent grade and new solutions were used for each 
experiment. nickel plaques obtained from Clevite Corp. (0.025 in. 
thick) and Amplex Division, Chrysler Corp. (0.080 in. and 0.025 in. thick) 
were used. 

The thermal impregnation process consists five essential steps. These 
and the range experimental conditions studied are contained Table 
Within the ranges indicated some two hundred plates were made and tested 
the survey. 

Thermal decompositions were done one three ovens: Cenco, type 
95050, range 25°-250° C.; Blue Electric Co., type No. CW38, 
Volta Mfg. Co., Muffle furnace, type BC44, 100°-2000° 

For reduced pressure experiments the Cenco oven was fitted with glass 
vacuum desiccator. The high pressure steam experiments were conducted 
within steel bomb (equipped with the necessary thermocouples and pressure 
gauge) which was heated Westinghouse Industrial Generator, kw., 
type CF813B. 

received November 1956. 
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TABLE 


Temperature Time 
range range 


Step Solution (°C.) (min.) Remarks 
Immersion (a) 85-115 120 Atmospheric pressure 
dissolved 
water (b) 85-125 min. under reduced pressure, 
hydration min. atmospheric pressure 
vacuum) 

high pressure steam and 
vacuum 

Conversion KOH 75-85 conversion time was used 
for convenience (overnight) 

Drying 75-85 ~120 constant weight 


Plates were placed test cells previous work (1). They were given 
three forming cycles after the manner suggested Fleischer (2), additional 
low rate discharge, and then limited test program discharges ranging 
between 0.0003 and 0.12 amp. 


RESULTS AND DISCUSSION 


Parameters the Impregnation Process 
Temperature and Time 


Fig. shown typical set theoretical capacities (based weight 
gain during processing) plotted against decomposition temperature. Curves 
are given for minutes, hour, and hours decomposition. For each 
time investigated, there optimum temperature which plates highest 
theoretical capacity are produced. 

Kano and Wakayama (3) have found that, being heated temperatures 
between 200° and 1100° C., decomposes NiO. This break- 
down might written: 


although the stoichiometry has not been established. was found the 
present work that the NiO formed the sintered plaque electrically 
inactive. However, was found that the nitrate heated for moderate 
lengths time controlled temperatures (about depending 
the duration the heating) the rate decomposition falls essentially zero 
the material goes through intermediate stage. The 
decomposes toward solid whose weight consistent with the formula 
and whose X-ray diffraction pattern yet unidentified but 
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which resembles the pattern ascribed basic copper nitrate. This reaction 
might written: 


The stoichiometry again unknown. The intermediate, immersed hot 
aqueous KOH, was found convert rapidly electrically-active hydroxide, 
presumably 

temperatures well below the optimum, considerable amounts the 
liquid are lost from the plaque during thermal decomposition 
because the outer layer not decomposed quickly enough seal the remainder 
the plaque. Nitrate which has not been converted intermediate during 
decomposition may leached out forced out physically during the con- 
version step. was observed that the lower the decomposition temperature 
the greater the amount material lost during decomposition and also the 
greater the amount material lost during conversion. 

temperatures above the optimum (Fig. 1), fraction the material may 


theoretical capacity 


240 


270 
decomposition 


120 


Fic. capacity experimental plates function decomposition tempera- 
ture. Immersed 90° for hours atm. pressure. 


completely decomposed the electrically-inactive NiO. has been 
established that the optimum oven temperature for the decomposition within 
the sintered plate lower than would have been predicted from decomposition 
curves taken pulverized and spread nickel nitrate. Presumably the exo- 
thermic corrosion reaction the nickel sinter raises the temperature the 
plate, least spots, and thus forces the decomposition past the Ni(OH)NO; 
stage NiO. 


Amount Nickel Impregnated into the Plaque during Immersion 


The density the nickel nitrate was measured 
95°C. and found 1.77 The plaques used were about 80% 


/har 
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porous, i.e. 80% free volume. Assuming that the electrochemical reaction 
within the positive plate Nit? that the pores are completely 
filled during immersion, that side reactions occur, and that nickel 
lost during subsequent processing, the maximum theoretical capacity 
plate can calculated: 


Plaques which were given 10-minute vacuum immersion 100° and 
decomposed under reduced pressure that the gaseous decomposition 
products were quickly removed had capacities very close 0.13 
The results show that additional active material introduced the sinter 
allowed remain contact with the oxidizing media immersion and/or 
thermal decomposition for any appreciable time. Thus plaques immersed 
for hours 100° C., and decomposed under reduced pressure, had capacities 
the order 0.175 and plaques given either the hour 100° 
immersion the minute 115° vacuum immersion, and decomposed under 
atmospheric pressure such that the oxidizing agents, the nitrogen oxides, 
were slow escape gave capacities the order 0.22 These 
effects time and temperature immersion are shown typical results 
listed the following tables. 


TABLE 


EFFECT IMMERSION TEMPERATURE CAPACITY 
PLATES (10 MIN. VAC.) 


Immersion temp. (°C.) cap.(AH 


0.16 
0.19 
115 0.22 
120 0.22 
TABLE III 
EFFECT IMMERSION TIME 115° CAPACITY 
PLATES 


Immersion time (min.) cap.(AH cm.~*) 


2.25 0.195 
0.22 
0.247 

110 0.273 


very probable that the extra capacity placed the plates the longer 
immersion times and/or higher temperatures directly indirectly result 
oxidation the nickel metal sinter nitrate. However, all the 
capacity were due oxidation the sinter alone, high 25% the 
sinter would oxidized. The physical appearance the plate and the absence 
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crumbling under electrical testing indicate that this unlikely, and hence 
second reaction which serves concentrate the active material must exist. 
suggested that during the immersion step oxidation raises the within 
the pores and precipitates hydroxide basic nickel salt within the pores. 
The results listed the above tables indicate that both the oxidation and 
precipitation reactions slow down the reaction products accumulate 
the pore wall. 

important variable not studied this work the impurity content 
the sintered nickel plaque; the oxidation rate would expected increase 
with increasing impurity content, thus increasing both the theoretical and 
the real capacity. 

After concentrated immersion active material shed from the plaque 
during thermal conversion; during electrolytic conversion, material shed. 
Thus the thermal method makes the concentrated immersion feasible. 


Change Atmosphere during Thermal Decomposition 


Reduced pressure during thermal decomposition increases the rates both 
reactions [1] and [2] removal the gaseous products, thus reducing the 
oxidation the sinter and the consequent increase capacity. 

Attempts produce electrically-active, nitrate-free product directly 
decomposing the nitrate high temperatures stream dry 
steam, both atmospheric and high pressures, were unsuccessful. Carrying 
out the decomposition nitrogen atmosphere had effect plate capacity. 
Apparently the gaseous decomposition products, and water vapor, 
determine the atmosphere deep within the pores that external changes 
atmosphere have little effect. 


Physical Properties the Plaques 


Since commercial plaques were used the pore size distribution could not 
controlled, although known play important part determining the 
electrical output, especially high rates discharge. Strength sinter 
great importance for the successful use the thermal method impregna- 
tion, because the oxidation plaques during both the immersion and 
thermal decomposition steps. was observed that plates which were loaded 
greater than 0.30 with active material disintegrated cycling. 
necessary, therefore, reduce the concentration the immersion solution 
more than one impregnation cycle used. 

The thick (0.080 in.) plaques used this study developed blisters after one 
impregnation cycle, but must recorded that they appeared more 
poorly sintered than the thin (0.025 in.) plaques with which this difficulty 
was not encountered. general the capacity per cubic centimeter the thick 
plates was slightly lower than that the thin plates produced under the 
same conditions. 

The polarization step the vacuum impregnation method has been found 
this laboratory precipitate the near the outside surface thick 
plaques (1) leaving the center the plaques nearly empty, several 


500 CANADIAN JOURNAL TECHNOLOGY. 34, 1957 


electrical cycles are necessary bring the plate full capacity higher 
rates. The present method thermal decomposition seems effect more 
even gross distribution initially. However, there may differences distribu- 
tion the walls individual pores owing unknown variables the pro- 
cessing; certain results which will now discussed seem substantiate this. 


Addition Agents 

The low rate capacity the plaques produced was sometimes much lower 
than the theoretical. temperatures above the optimum (Fig. 1), part the 
reaction has probably gone completion, forming NiO which not available 
for reaction. Plates made low temperatures may contain material which 
poor physical contact with the sinter. plates made near the optimum, 
some plates had low percentage utilization (real capacity/theoretical 
capacity), probably owing high resistance the plate. was found that 
this condition could remedied adding LiOH the electrolyte the 
test cell. After cycling LiOH electrolyte the plate retained full capacity 
for more than test cycles after being replaced KOH electrolyte. Adding 
LiOH (~1 molar) directly the conversion solution resulted plates 
slightly better performance, especially high rate. 

Some experiments were done which foreign ions, which might expected 
alter the ionic conductivity the solid oxides, were added the immersion 
solution portions varying from mole The addition lithium, 
silver, and cobalt ions generally gave plates whose performance fell within the 
limits experimental error plates made the standard method but 
ensured close 100% utilization low rates. About 0.02 mole silver 
ion the immersion solution improved the high rate performance about 10%. 
High concentrations cobalt ion (2%) and all concentrations aluminum 
ion decreased the utilization active material both high and low rates. 
These results are qualitative agreement with other work the conductivity 
containing foreign ions (5). 

The addition foreign ions increased slightly the voltage the plates 
discharge low rates. general, large additions increased shedding active 
material from the plate. 


Optimum Single Impregnation Process 


summary, has been found that under the following conditions plate 
real capacity 0.26 hour rate can made the pre- 
cautions already discussed are observed. 

Preparation plaque: Degrease warm acetone. 

Immersion: min. vacuum 115° C., rapid transfer oven. 

Thermal decomposition: air 230° for hour, rapid transfer hot 

aqueous KOH. 


Conversion: C., for minutes (if not 
stirred). 
Washing and drying: see Table 
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Fig. shows behavior commercial plates prepared the electrolytic 
method compared with that singly-impregnated plates prepared the 
thermal decomposition method. Capacity per unit volume plotted against 
log current density (for convenience) for plates 0.025 inch thick. The plates 

prepared the new method behave electrically well did commercial 
plates under test conditions. 


experimental 
commercial 
log current density 
plate 
cammercial plate 
S 


log current density 


Fic. experimental plates. 
Fic. Performance doubly impregnated experimental plate. 


Double Impregnation 


has been shown that possible produce one impregnation plate 
good the standard commercial plate which requires four impregnations. 
series plaques were given two impregnations the thermal decomposition 
method. The real capacities hour rate) were roughly double those plaques 
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impregnated only once under the same conditions. Plaques which were given 
two cycles with 2-hour immersion 95° had theoretical capacities about 
0.40 Blistering occurred during the processing, and the plate started 
disintegrate after three cycles. Plates doubly impregnated vacuum 
immersion 95° had capacities high and were physically 
sound after processing, but still showed some tendency disintegrate after 
cycles. seems probable that physically strong plaques can impregnated 
about 0.30 and remain structurally sound during prolonged 
cycling. However, the much higher capacities available double impregnation 
may advantageous for applications requiring only limited cycle life. 
The advantage with respect capacity alone offered double impregnation 
clearly shown Fig. 


SUMMARY 


new method impregnating electrically active into the pores 
sintered nickel plaques has been worked out. With single impregnation 
cycle this method, plates capacity high that commercial plates 
made four standard cycles can made. 

Doubly impregnated plates, made variations this method, give 
strong plates with much higher capacity than the standard commercial 
plates, and whose electrical output even currents amp. exceeds 
that commercial plates. 

Some preliminary studies and discussions the probable mechanism 
the thermal decomposition are presented. The thermal decomposition 
proceeds toward intermediate, tentatively called thence 
electrolytically-inactive black NiO. the decomposition stopped 
before the intermediate stage, the material can then converted active 
hydroxides dipping aqueous KOH. 
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NEUTRON MOISTURE METER FOR CONCRETE! 


ABSTRACT 


Neutrons emitted neutron source are slowed down the moisture 
moist concrete. The resulting slow neutrons may measured using 
chamber. These observations have led the construction portable moisture 
meter which will give rapid non-destructive measurement the total moisture 
content concrete member. 


INTRODUCTION 


The determination water content concrete considerable importance 
with reference predicting the durability concrete structure. number 
methods have been tried (12, 14), but all seem suffer from some dis- 
advantage. For example, the generally accepted procedure drying and 
weighing sample has the drawback that involves the destruction 
portion the structural member. 

neutron diffusion method moisture detection has proved successful 
with soils (2, 10, 13, 15, 16, 17), and was thought that modification 
the method might lead procedure for the non-destructive determination 
water concrete. 


Neutron Soil Moisture Meter 

the neutron method, applied soils, fast neutrons emitted 
neutron source are scattered the atoms the soil, thereby losing their 
energy and becoming slow neutrons (apart from loss capture). The slow 
neutrons are then measured means slow neutron detector such 
indium foil BF; chamber. The fractional loss energy when neutron 
collides with atom maximum for hydrogen (1, 7), and thus soils 
with high moisture content are particularly effective slowing down 
neutrons. The activity induced slow neutron detector correspondingly 
high and is, fact, proportional the moisture content the soil when 
standard conditions neutron irradiation are adopted. can shown 
theoretically that the distribution slow neutrons about point source 
fast neutrons infinite medium function the ratio the slowing 
down length the diffusion length (18). The slowing down length defined 
the average distance neutron must travel medium before slowed 
down thermal velocity. relatively small for hydrogen comparison 
with other common elements soils. The diffusion length one-sixth the 
average distance from point origin point capture the neutron. 
does not vary with changing moisture content strongly does the slowing 
down length. The net effect that slow neutron detector placed near 


received November 1956. 
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source fast neutrons soil, the activity will largely function the 
hydrogen (or moisture) content the soil. 


pplication Cement and Concrete 


Considerations similar the foregoing apply moist concrete. The main 
chemical constituents cement and concrete are series compounds 
comprising the elements calcium, aluminum, silicon, magnesium, iron, oxygen, 
and lesser extent, sodium, potassium, sulphur, and hydrogen. The neutron 
thermalizing effects these elements are given Table From this data 


TABLE 
PROPERTIES NUCLEI 


Collisions required Cross section (barns) for 
for thermalization thermal neutrons 
cement neutrons Capture Scattering 
0.9 515 2.4 11.3 
362 1.9 2.0 
370 0.4 3.3 
6.3 289 0.5 
8.9 261 2.2 
252 0.2 1.3 
1.5 228 0.06 3.9 
215 0.5 3.3 
0.3 


quite apparent that the neutron thermalizing effect cement can assumed 
due entirely its hydrogen content and thus the amount water 
that contains. Two limitations, however, arise that the hydrogen content 
cement not wholly due its water content. Hydrated cement known 
contain some but the discrepancy caused this manner believed 
slight. The second limitation arises from the fact that the neutron 
method will not differentiate between free water and water chemically bound 

the form hydration compounds. further limitation would arise 
the cement concrete contained substance, such boron, with high 
neutron capture cross section. Fortunately this occurrence likely rare 
except the case concretes especially designed absorb neutrons. 


EXPERIMENTAL 
Neutron Source 


Mc. neutron source, obtained from the Atomic Energy 
Canada Limited, was used source fast neutrons. When not use was 
kept lead container about Ib. weight. 


Thermal Neutron Detector 


The detector used was BP14-B type BF; tube, constructed and filled 
the Counter Development Section the Atomic Energy Canada Limited 


m 
re 

‘yy 

flu 


PAWLIW AND SPINKS: MOISTURE METER 505 


(5, 6). has copper cathode 0.75 in. diameter, 0.05 in. thick, with 
sensitive length in. The counter tube filled with enriched BF; 
pressure cm. mercury. Since the capture cross section for 
3990 barns for thermal neutrons and less than barn for 0.1 Mev. neutrons, 
such tube forms excellent detector for the purpose hand (1). 


Preliminary Laboratory Tests 

Preliminary tests were made with soil moisture meter (10) which had been 
modified replacing the indium detector foils BF; counter. The required 
voltage was obtained from 1800 volt battery pack and the pulses were 
recorded with portable rate meter (Nuclear Instruments model 2610A) 
after amplification two stage vacuum tube preamplifier (13). some 
experiments, pulses were recorded with portable scaler (Berkely portable 
scaler, model 2080) with bench scaler (Nuclear Instruments, model 162). 
The neutron source was held clamp close possible the BF; counter 
since both theoretical considerations and experimental observations indicate 
that maximum sensitivity the soil moisture meter obtained when the fast 
neutron source close possible the slow neutron detector (17). 
Furthermore, the effect the counting rate neutrons slowed down 
collisions with nuclei other than hydrogen can eliminated placing the 
slow neutron counter near possible the source fast neutrons. 
this position the counting rate almost entirely function the amount 
hydrogen the surrounding medium (9). 

The sensitivity the modified meter was compared the sensitivity 
the original apparatus experiment which the back diffusion thermal 
neutrons was measured different points within composite paraffin 
sand block (15), illustrated Fig. and The relative thermal neutron 


Fic. la. Schematic arrangement sand, wax, and indium detector. 
Fic. arrangement sand, wax, and BF; counter. 


flux the different positions within the block, determined each instru- 
ment, shown Fig. The BF; counter evidently quite satisfactory. 
has the added advantage that gives more less instantaneous reading 


(a) 
it 
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Fic. Thermal neutron flux indicated indium foil detector and BF; counter. 


whereas with indium foils one has wait for some minutes for the activation 
the indium foils and then for further period measure the activity 
the foils. 

indicate water content the soil moisture meter placed hole the 
soil. Thus the meter almost completely surrounded the neutron thermal- 
izing material. The concrete moisture meter, the other hand, will not 
placed hole the concrete member, but rather, will placed against 
the concrete surface. Consequently, for this geometry, the effective neutron 
thermalizing volume concrete member will considerably less than 
for soil body and the sensitivity will correspondingly less. 

means counteracting this decrease sensitivity U-shaped neutron 
was placed over the counter and source such manner 
reflect some the neutrons, which would otherwise have escaped, into the 
concrete. prevent appreciable neutron capture and thermalizing effect the 
reflector material should have small capture section and low neutron 
thermalizing capacity. Such reflector would merely scatter the fast neutrons 
and increase the number these neutrons entering the concrete. Furthermore, 
slow neutrons returning the surface back diffusion might also directed 
towards the counter scattering within the reflector. 

further preliminary experiment the soil moisture meter was placed 
against the surface neutron thermalizing medium, and number steel 
reflectors varying thicknesses were placed over the counter, shown 
Fig. The effect lead reflector was also investigated. The increases 
slow neutron count caused the different steel reflectors and the lead 
reflector are shown graphically Fig. Fig. indicates that U-shaped 
neutron reflector will appreciably increase the sensitivity the concrete 
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REFLECTOR THICKNESS - INCHES 


Fic. Arrangement steel reflector over BF; counter. 
Fic. Dependence thermal neutron flux (as measured BF; counter) reflector 
thickness. 


Design and Construction Meter 

The external structure the meter was designed enable operator 
handle the meter during short intervals time without exposing himself 
excessive radiations from the source. The end-to-end arrangement the 
counter tube, the preamplifier, and the handle, shown Fig. enables 
the operator least inches away from the source while handling the 
meter. additional safety precaution the meter was equipped with long 
connector cables. These cables permit the operator distance 
feet from the source when operating the scaler. 

thick U-shaped cast iron reflector was machined fit over the 
counter shown Fig. 6.* 

high gain four-stage amplifier was designed receive the small 


effect cast iron reflector was similar that the steel reflector. 
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Ra-Be NEUTRON SOURCE 


CAST IRON BF, TUBE 
REFLECTOR 


Fic. neutron moisture meter for concrete. 
Fic. Cast iron reflector and BF; counter (scale 3/4 in. in.). 


counter pulses and amplify them sufficiently pass through the long connector 
cable and trip the scaling mechanism. This amplifier, henceforth referred 
the preamplifier, distinguish from any within the 
scaler, shown schematically Fig. 


200 MMF 


("0 SCALER 


Preamplifier. 


correct for fluctuations the background count and slight variation 
the counter and/or preamplifier voltage, standard paraffin neutron therm- 
alizer was designed and constructed (Fig. 8). This enabled the operator 
compare all observations with the response from constant neutron thermal- 
izing medium. 
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| 


Fic. concrete moisture meter (paraffin neutron thermalizer left). 


All observations were recorded the thermal neutron 


observed count background count 


standard paraffin count background count 


where the background count and the standard paraffin count were determined 
immediately after the required observation was recorded. 
The concrete moisture meter, adapted for field use, shown Fig. 


Preliminary Tests with Concrete Moisture Meter 


(a) Optimum operating voltage and counter gas 
ionized gamma rays and neutrons, the pulses created the gamma 
rays being considerably smaller than the pulses created the neutrons. 
The size the pulses entering the scaling unit depends the counter voltage 
and the gain the preamplifier and optimum state affairs would 
one which the neutron pulses would trip the scaling mechanism, but the 
gamma ray pulses would not. With the equipment hand was not found 
possible eliminate the effect gammas entirely and preliminary experi- 
ments were done which applied voltage and amplifier gain were varied and 
plateau curves drawn using block paraffin wax neutron thermalizer. 
result, 1200 volts counter voltage and preamplifier gain approxi- 
mately 10,000 were chosen the best working combination for our equipment. 

(b) Effect cast iron reflector.—A simple laboratory experiment 
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formed test the effect the cast iron reflector the thermal neutron 
count the concrete moisture meter. The reflector was removed and series 
observations were taken with the paraffin standard place and with the 
standard removed. The effect the cast iron reflector was increase the 
thermal neutron count factor 2.35 (11). 


Calibration Neutron Moisture Meter for Concrete 


The neutron thermalizing effect material such concrete almost 
entirely dependent its water content, more specifically, its hydrogen 
content. The density the material has marked influence the back 
diffusion thermal neutrons (3). The effective neutron thermalizing volume 
substance dependent the water content the substance and 
therefore necessary determine edge and depth effects. The investigation 
these effects facilitated using synthetic mixtures sand and sugar 
the place concrete blocks. Sugar may regarded 57.9% water and 
42.1% carbon, and mixture sand and sugar, any given concentration, 
has corresponding equivalent water content. The neutron thermalizing 
effect the mixture depends this equivalent water content. number 
mixtures were prepared with the equivalent water content ranging 
from 0.135 0.334 g./cc. 

Edge and depth effects were then investigated using cylindrical vessels, 
various radii and depths, filled with the mixtures and with water. The 
vessels were made tin sheet and did not themselves contribute appreciably 
the neutron thermalization. Measurements were made with the neutron 
source the center the flat surface the cylindrical vessel. Figs. and 
show graphically the effect radius (and hence effective area cross section) 
and depth material neutron thermalization for materials different 
water content. Fig. plot data derived from Figs. and 10. This 
plot indicates the minimum dimensions the above materials which will 
enclose the whole their effective neutron thermalizing volume. The plot 
the asymptotic value the relative thermal count versus water content, 
derived from the experiments, shown Fig. 12. Figs. and 
would also expected apply quite closely concrete. Using the data 
exhibited Fig. guide, two concrete cylinders were made, each with 
diameter in. and depths 8.3 and 8.75 in., respectively. Each cylinder 
consisted three slices equal thickness. This simplified the handling 
the concrete specimens and made the removal the water from the concrete 
somewhat more uniform. 

Each concrete specimen was mixed from Portland cement, Ib. 
light weight aggregate, and Ib. water. After hours the forms were removed 
and the concrete was placed water for several days. These concrete cylinders 
were then used calibrate the concrete moisture meter. The water was 
removed from the concrete heating the concrete oven 130° 
This drying process was carried out stepwise manner and after each 
drying period the concrete was weighed and relative thermal neutron count 
was determined, using the concrete moisture meter. Finally, when most the 
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WATER 


0.51 Gmscc 


0.51 


0.334 
0.294 


0.261 


RADIUS CONTAINER INCHES DEPTH INCHES 


RELATIVE THERMAL NEUTRON COUNT 


RELATIVE THERMAL NEUTRON COUNT 


WATER CONTENT GM/CC 


RELATIVE THERMAL NEUTRON COUNT 


INCHES WATER CONTENT GM/CC 


Fic. Effect radius container relative thermal neutron count for water and 
sugar mixture various equivalent water contents (depth: water, in., other in.). 

Fic. depth container relative thermal neutron counter for water and 
sand-sugar mixtures various equivalent water contents (diameter container: for water, 
in.; 0.51 g./cc. and 0.29 g./cc., in.; 0.135 

Fic. desirable size (radius and depth) concrete similar material for 
moisture metering. 

Fic. Relative thermal neutron count versus water content: concrete; 
sugar; calculated curve. 


water had been removed, the concrete cylinders were crushed with jaw crusher 
and representative samples removed for further drying. order remove the 
total water, including the water chemically combined form hydration 
products, these samples were heated 1000° (12). The observations from 
this experiment are recorded Table II, and are shown Fig. together 
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TABLE 


EFFECT OF WATER IN CONCRETE ON RELATIVE THERMAL NEUTRON COUNT 


Water content 


Cylinder No. (18 in. diam.; 8.3 in. depth) 


0.279 2.60 
110.38 10.5 0.168 1.54 
103.81 5.1 0.52 
Cylinder (18 in. diam.; 8.75 in. depth) 
112.50 16.6 0.266 2.62 
111.06 0.248 2.23 
14.6 2.07 
13.0 0.208 2.03 
12.2 0.195 1.88 
6.9 1.00 


with results from the experiment. This effectively calibration 
curve for our instrument. 

theoretical method calibrating neutron moisture meter for soils has 
been proposed (8). The relative thermal neutron count indicated the 
moisture meter for soil water content g./cc., given the equation 
where the relative thermal neutron count indicated the 
moisture meter for water, factor given the equation 


slowing down length neutrons water (6.80 cm.), 
diffusion length neutrons water, (2.88 cm.), and 
distance between source and point where the thermal neutron flux 


measured. 


The value cannot measured directly; can, however, calculated 
from experimental data obtained from sample known water content. 
other words, knowing and value for can found trial 
and error give the required depends the geometry the instrument 
and constant for different values 

This method was believed applicable the concrete moisture meter. The 
value for the concrete moisture meter was found cm. remained 
very nearly constant for all values being considered. This made the 
theoretical calibration curve, calculated from equation [1], straight line. 
This curve plotted Fig. 12, together with the experimental plots. There 
obviously quite good agreement between theory and 
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CONCLUSION 


The foregoing has indicated that quite feasible construct portable 
moisture meter which will give rapid non-destructive measurement the 
moisture content concrete member.* proposed future models 
replace the Mc. source one Mc., which would still give 
satisfactory neutron count but would require less shielding. also proposed 
use BF; chamber with smaller sensitive length, in. instead in. 
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*Care would have taken interpreting the readings the concrete member contained any 
appreciable amount steel reinforcing the moisture distribution were 
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VAPOR-LIQUID EQUILIBRIUM DATA FOR SYSTEM: 
n-OCTANE PROPIONIC ACID, WITH SALT 


ABSTRACT 


New isobaric equilibrium data one atmosphere pressure are 
reported for the binary system m-octane propionic acid. These data are com- 
pared previous investigation which different type apparatus 
was used. 

The salt effect saturated sodium propionate the binary vapor-liquid 
equilibrium curve the system propionic acid reported. The salt 
was found the relative volatility and alter the azeotropic composition 
the binary system the manner predicted. 


INTRODUCTION 
Equilibrium Data 

The equilibrium relationships the binary system 
propionic acid atmospheric pressure were originally established Johnson, 
Furter, and Barry (1, using modification the Colburn (3) type 
recirculation still their investigation. The purpose the present work (5) 
was check these data using another variety equilibrium still, 
see consistent data the same system would produced two different 
types still, and increase the data available this binary system. 

For the present investigation, slightly modified version the improved 
Othmer still (4) was selected. The Othmer still continues chosen over 
various other designs the majority investigators because its simplicity 
construction and operation and because its proved reliability over wide 
variety 


Salt Effect 

Distillation often affords the most suitable method separating binary 
mixture. the design distillation equipment, the equilibrium 
relationships between the components separated are prime importance. 
Consequently any factors permitting the altering relative volatility the 
shifting azeotropic compositions will greatly affect design. Salt effect, 
the presence dissolved solid third component the downflowing liquid 
stream within the column, such factor. 

When salt dissolved pure liquid, the general effect lowering 
the vapor pressure the liquid and elevation its boiling point. The extent 
this effect function the quantity solid dissolved. Hence binary 
system, solid which more soluble the less volatile, higher-boiling com- 
ponent than the other would expected depress the vapor pressure 
volatility the less volatile component amount greater than that 
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the more. other words the net effect would increase the relative 
volatility ease separation the binary system. The purpose the second 
portion this work was investigate the effect such solid the 
liquid equilibrium relationships the system under study. 

The system propionic acid was chosen check the data 
Johnson, Furter, and Barry and, well, for the following reasons. has 
azeotrope located close enough the central portion the composition 
range suitable for study its shift due salt effect. The system 
not excessively volatile. stable. Samples may readily and simply 
analyzed for composition titration. Relative volatility low 
enough show clearly changes caused salt effect. Since non- 
polar and propionic acid polar, possibilities are good that salts could 
found that would have solubilities markedly different one component 
the binary opposed the other. Sodium propionate was chosen the salt 
because its high solubility propionic acid opposed its negligible 
solubility was also chosen because its stability against 
decomposition and chemical reaction when dissolved the binary system. 


EXPERIMENTAL METHOD AND RESULTS 


Reagent grade propionic acid, and sodium propionate were ob- 
tained from Matheson, Coleman, and Bell Inc., New Jersey. 

The improved recirculation still design Othmer was modified lengthen- 
ing the flask neck order better protect against entrainment. double 
layer magnesia—asbestos lagging was used cover the neck and upper 
portion the pot. chromium wire winding was included between the two 
layers lagging create vapor superheat from one two degrees 
above the temperature the boiling liquid, order prevent condensation 
within the boiling chamber. The flask was heated with glass-col electric 
heater. Both heaters were controlled rheostats. thermo- 
meters were mounted the still neck and pot measure the temperatures 
the vapor and boiling liquid. The thermometer immersed the boiling 
liquid was calibrated consecutively boiling several pure liquid substances 
the pot. calibration chart was drawn, and from the boiling point data 
were corrected. The corrected boiling point data are reported the results 
section. 

The still was tested for entrainment dissolving sodium sulphate 
saturation boiling binary mixture and testing samples from the distillate 
chamber for precipitation with solution barium nitrate. The test was 
negative for high boiling rates possible from the glass-col heater. Hence 
entrainment was rejected possible source error. 

The rate approach steady state was studied first charging the still 
with binary mixture which the liquid composition differed markedly 
possible from the equilibrium vapor composition, and then withdrawing 
exceedingly small samples from the pot and residue chambers and reading 
the pot thermometer regular intervals time. the boiling rate used 
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TABLE 


BINARY VAPOR-LIQUID EQUILIBRIUM DATA FOR SYSTEM: 
n-OCTANE — PROPIONIC ACID 


(Pressure 750+10 mm.) 


Mole n-octane 
Relative 


124.8 91.8 0.38 
123.7 87.8 0.48 
122.9 88.8 82.7 0.60 
122.0 76.6 73.1 0.83 
121.8 70.1 69.0 0.95 
119.8 64.9 66.0 1.08 
121.4 59.5 64.8 1.25 
121.9 46.1 56.6 1.55 
122.6 36.1 51.2 1.85 

25.8 44.7 2.33 

20.5 40.7 2.66 
13.5 33.7 3.25 
133.2 8.2 23.4 3.42 
136.8 12.0 2.54 


the investigation, essential steady state was reached minutes. Tem- 
perature steady state coincided with composition steady state. During subse- 
quent runs the still was allowed operate for approximately minutes 
before sampling ensure that steady state conditions were closely 
approached. 

Tests made 5°, 10°, and 15° vapor superheat using charges the same 
composition indicated vapor composition. was concluded 
that although negligible total vaporization splashed droplets did occur even 
superheats high 15°, superheat should kept the minimum value 
necessary just prevent premature condensation. 

The mode operation was similar that described Othmer. After 
allowing sufficient time for steady state attained, small samples from 
the pot and condensate chambers were quickly withdrawn into cooled weighing 
bottles, immediately stoppered, cooled room temperature, and weighed. 
ml. sample was pipetted from each bottle into distilled water and titrated 
with standardized base. The remaining droplet the pipette was returned 
the weighing bottle, which was then reweighed. Per-cent-by-weight composi- 
tion data were obtained directly the above method, and were converted 
mole basis. The results appear Table and Fig. 

For studying the effect saturated sodium propionate the binary 
equilibrium curve, the method analysis was similar the 
above with the following change. Salt was added through port the side 
the flask until saturation was attained. steady state, sample solution 
exactly ml. size was pipetted from the pot into distilled water and titrated. 
additional ml. sample was pipetted into tared weighing bottle, and was 
evaporated dryness and finally constant weight. From the difference 
weights, the binary equilibrium pot compositions were calculated salt- 
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free basis. samples were analyzed before. The results 
appear Table and Fig. 


TABLE 
BINARY VAPOR-LIQUID EQUILIBRIUM DATA FOR SYSTEM: 
PROPIONIC ACID SATURATED WITH SODIUM 
PROPIONATE 
(Pressure 750+10 mm.) 
Mole n-octane (salt-free basis) 
liquid (x) vapor volatility radi 
124.4 98.1 95.3 0.39 
124.0 94.3 92.1 0.70 freq 
124.7 86.5 90.1 1.42 
124.7 86.4 90.5 1.50 

74.4 88.5 2.65 
125.2 61.5 84.4 3.39 

127.0 82.2 
127.2 42.1 81.4 (20- 
has 
DISCUSSION 
concluded that the slight discrepancies between the results the 
present investigation and those Johnson, Furter, and Barry are most ring 
likely due inherent factors the type equilibrium still used. end 


noted that the Colburn still was designed eliminate certain sources error 
the Othmer design, such the tendency the lower-boiling condensate 
returning the pot flash contact with the higher-boiling pot liquid 
rather than mix well with it. 

The saturated salt curve could not completed using the techniques 
described. Difficulties were encountered withdrawing salt solution samples 


the 

bett 


diff 


from the pot pipette concentrations less than furt 
owing salt precipitation. Hence the remainder the curve was estimated, 
and shown dotted line Fig. Despite this, the effect the salt 
clearly evident. Sodium propionate very soluble the higher-boiling less que 
volatile propionic acid while being almost insoluble the lower-boiling more For 
volatile predicted, the salt greatly enhanced the relative volatility end 
the system. fact, the more reliable salt effect data reported the 
literature, the improvement factor reported for this system especially large. 
accompanying result this salt effect was shift azeotropic composition 


are apparent. 
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NOTES 


MICROWAVE REFRACTOMETER CAVITY DESIGN 


ALBERT ADEY 


The microwave refractometer has become valuable aid tropospheric 
radio propagation research (1, 2). 

The operation the instrument involves the comparison the resonant 
frequency sealed reference cavity with that cavity exposed the 
atmosphere and ventilated cutting away part the end plate area. 

One the limiting factors the use the refractometer has appeared 
the long flushing time the ventilated cavity. This due the small part 
(20-30%) the end area cut away. 

part program refractometer development this laboratory 
has been found that much 67% the end area could cut away without 
seriously affecting the cavity The figure shows the cavity being used. 
operates the mode frequency 9100 Mc./sec. annular 
ring the region high circumferential current density essentially forms the 
end plate. With barrel formed invar, end plates formed brass, and all 
the inner surfaces silverplated, loaded 16,000 has been achieved with 
0.250 inch coupling holes. This value could undoubtedly exceeded with 
better surface treatment. 

Cutting away the end area resulted decrease the resonant frequency 
200 Mc./sec. This necessitated shortening the barrel. Because feed 
difficulties due this shortening, was not possible increase the ventilation 
further with this barrel design and also obtain practical, temperature- 
compensated cavity. 

For purposes temperature compensation necessary know the fre- 
quency sensitivity the length the projection the ends into the cavity. 
For the 67% ends this has been found only 90% that for the solid 
ends, necessitating the use longer projection. 

Laboratory blower tests this cavity have indicated reduction the 
recovery time factor the order 10. 

apparent that the cavity design discussed far not omnidirectional 
azimuth. Thus, for fixed installation, some directivity effect results from 
its use. preliminary step toward developing omnidirectional cavity 
design has been attempted. Coupling wave guide the ends, the 
coupling holes being cut 48% the radius from the center. This design 
permits the cutting two sets slots holes around the periphery the 
barrel the regions weak electric field. 

Effective suppression the unwanted mode has been achieved 
(a) proper choice the cavity dimensions, (b) leaving narrow gap between 
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Fic. 


the inner surface the ends and the barrel impede the flow radial 
currents, and (c) orienting the input and output wave guides 45° each 
other. mode separation 100 Mc./sec. has not been difficult obtain. 
This ample, since the refractometer narrow band device (approximately 
Mc./sec.). Further work this design planned. 

With regard the reference cavity may interest note that 
has been sealed forming around it, dipping, closely-fitting sheath 
Latex 235* approximately 1/16 inch thick. Sealing the Latex the 
metal feed guides and the projection into which the tuning micrometer fits has 
been achieved first coating the cleaned metal parts with Dupont Cement 
No. 1084. The cavity can thus opened easily and cleanly, should the 
necessity arise, merely slicing open the Latex and peeling off. The 
micrometer plunger used for tuning the cavity runs inside thin walled 
polystyrene tube which has been cemented the cavity end plate with 
cement. The entire micrometer assembly can thus removed without 
destroying the cavity seal. This technique sealing the cavity plunger seems 
have originated with Crain, the University Texas. has been found, 
however, that polystyrene seems cement more readily than glass quartz, 
which were used previously where temperature behavior was 
necessary. 

The assistance Forshaw, who made the cavity measurements, 
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ELECTRODELESS DISCHARGE LAMP EXCITER! 
inexpensive oscillator, shown the accompanying photographs and 


diagram (Fig. 1), has been found very convenient and effective for excitation 
small electrodeless discharge lamps 250 Mc./s. 


Fic. circuit. All resistances megohms. All capacitances micromicrofarads. 
R.F.C. wound 1.0 M-2 watt resistor with No. enamelled solid copper wire. Fil. 
chokes No, enamelled solid copper wire. 


N.R.C. No. 4188. 
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The 198 lamp shown Figs. and contained water-cooling 
jacket, one end the lamp protruding about inch from the jacket. The 
lamp should not touch any the metal parts the oscillator local black- 
ening may occur. 

The 50,000 ohm variable resistance the grid circuit adjusted for about 
ma. plate current with lamp glowing (i.e., under load), the resistance 
the circuit measured, and 10-watt resistor near the measured value 
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permanently wired its place. The power coupled can decreased 
moving the lamp away reducing the plate voltage with Variac. grid 
current meter connected between No. connection and the filament supply 
center tap; this current should not permitted exceed ma. 

The coil dimensions are not critical. The two coil assembly 
Fig. produces about 250 Mc./s. while the more conventional coil assembly 
Fig. resonates near 150 Mc./s. This frequency can lowered putting 
capacitance across the plate coil (from plate plate). The coupling can 
very loose between the plate and grid tanks. The coils should hard-soldered 
their connectors. 

recommended that the mounted upright and the circuit 
made symmetric possible. The tube plates can run dull red hot 
forced-air cooling provided. 

radiation from the unit affects nearby equipment will usually found 
sufficient enclose the unit sheet-metal box with holes for forced-air 
cooling and for access the lamp. 


RECEIVED NOVEMBER 1956. 

DIVISION APPLIED 
NATIONAL RESEARCH COUNCIL, 
CANADA. 


NOTE THERMODYNAMIC CONSISTENCY TESTS 
BINARY VAPOR-LIQUID EQUILIBRIUM DATA 


BENJAMIN C.-Y. 


noted that when equilibrium data are reported the 
literature, their thermodynamic consistency has been usually checked the 
authors order support their accuracy. The usual test methods employed 
for binary equilibrium data are mainly follows: 

Logarithm plot the activity coefficients vs. the liquid composition 
with the condition that the Gibbs-Duhem relationship satisfied, 

The Redlich-Kister relationship (6, its modified forms (2, 10). 
Probably because the relationship between these methods has not been 
presented completely that unnecessary and wasteful efforts have been exerted 
the testing data (4, 11). 

Several examples are chosen here for illustration. should mentioned, 
however, that the experimental measurements obtained these investigators 
may excellent. The discussion this note limited the procedures 
employed, these examples, for the testing the data. The validity these 
test methods considered beyond the scope this note and hence will 


not discussed. 
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Hanson (5) have correlated their binary equilibrium 
data for the system means the five-suffix equation 
A (x3 4x14x2) +B (4x 3x9 8x 13x") 


This equation obeys the Gibbs-Duhem relationship and was obtained from 
generalized expressions developed Benedict (1). Hanson (5) 
first adjusted the activity coefficients their data means the Redlich- 
Kister relationship (8) and then substituted these activity coefficients into 
Equation [1] calculate the four constants. Using these constants, values 
the activity coefficients 0.1 mole fraction intervals were calculated and 
tested again with relationship. This last procedure would 
necessary only the Redlich-Kister relationship and Equation [1] were two 
independent test methods. 

Otsuki and Williams (7) have employed the van Laar equation fit the 
equilibrium data for the binary system ethanol—water various 
total pressures. Although close agreements between the calculated values 
and the experimental values for the activity coefficient have been obtained 
using the van Laar equation, they have tested the thermodynamic consistency 
their data the method Redlich and Kister. Knowing that the tempera- 
ture effect was negligible the Gibbs-Duhem correlation they have made 
temperature corrections, nevertheless, the Redlich-Kister method. 

Delzenne (4), his study binary equilibrium data, 
claimed that the validity his results has been checked 
namely, the van Laar equation and the Redlich-Kister relationship. 

apparent from these examples that the integrated forms the Gibbs- 
Duhem equation and the Redlich-Kister relationship have been considered 
these authors two independent testing methods. The purpose this note 
point out that these methods are not independent ones. 

Redlich and Kister (8) have developed the following relationship: 


using Scatchard’s excess free energy mixing the form 

and the function 

[4] 


Equation [4] may derived directly from Equation [3] with the condition 
that the Gibbs-Duhem equation, 
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satisfied. number integrated forms Equation [5] are available for 
correlating activity coefficients (1, 12). obvious that the assumptions 
involved are the same the Redlich-Kister relationship and these equations. 

The activity coefficients the integrated forms Equation [5] are expressed 
terms the liquid mole fraction The left-hand side Equation [2] can 
integrated directly with the substitution these activity coefficients. 
The integral over the entire composition range always zero. Some the 
examples are illustrated here: 

Two-suffix Margules equation (12) 


1 1 
log dx = f log v2 dx => A/3 
0 0 


Van Laar equation rearranged Carlson and Colburn (3) 


1 


Margules equation presented Robinson and Gilliland (9) 


ol vl 


al 


The same result may obtained the substitution Equation [1] into 
Equation [2], and from other integrated forms Equation [5], such the 
and the four-suffix g-equations Wohl (12). All these facts 
indicate that the Redlich-Kister relationship and the integrated forms the 
Gibbs-Duhem equation are not independent methods. When 
equilibrium data can represented one the integrated 
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forms the Gibbs-Duhem equation, there need test the data again 
using the Redlich-Kister relationship. 
When the temperature effect not negligible the Gibbs-Duhem correla- 
tion, temperature term may included the expression the activity 
coefficients, such the van Laar equation presented Robinson and 
Gilliland (9), 
12. 
The corresponding Equation [2] would 
1 


This equation has been suggested recently Broughton and Brearley (2). 
From these equations, the same conclusion presented above may 
obtained. 

Conclusion: 


The Redlich-Kister relationship and the integrated forms the Gibbs- 
Duhem equation are not independent testing methods thermodynamic 
consistency for binary equilibrium data. 

When the binary equilibrium data can fitted one 
the integrated forms the Gibbs-Duhem equation, not necessary 
test the data again using the Redlich-Kister relationship. 

the data obey the Redlich-Kister relationship its modified form, 
such Equation [8], they may expected fitted one the integrated 
forms the Gibbs-Duhem equation. 


NOMENCLATURE 
refer constants used Equations [1], [6], [7], and [9]. 
constants used Equation [8]. 
refers the total pressure. 
refers the vapor pressure the pure component. 
refers the quantity: excess free energy RT. 
refers the gas constant. 
refers the absolute temperature. 
refers the mole fraction the liquid. 
refers the mole fraction the vapor. 
Subscripts and refer components. 
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ANNOUNCEMENT 


This announce that Volume the Canadian Journal Technology will 
include two additional numbers (Nos. and published January and March, 
1957. Volume the Canadian Journal Technology will then published (under 
new name, announced) under the auspices the Chemical Institute Canada. 
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